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The Retrojugular Route: the Ideal Exposure for Carotid
Endarterectomy Performed Under Locoregional Anesthesia
E. Neri, M. Giubbolini, F. Setacci, I. Baldi and C. Setacci
Istituto di Chirurgia Vascolare, UniversitaÁ agli Studi di Siena, Italy
Background: scientific evidence exists to support the claim that either general o regional anesthesia can be safely used for
CEA: each of the techniques has either theoretical and practical advantages or drawbacks. Since the issue of whether, for
CEA, one anesthetic technique is better than another has not yet been explored by randomized trials, any contribution that
could reduce the disadvantages of any of the two approaches may contribute to overcome individual diffidence and visceral
antagonism. The proposed approach represents a technical improvement of locoregional CEA technique.
Methods: one hundred consecutive patients undergoing elective or urgent primary CEA under locoregional anesthesia
were prospectively randomized in two equal size groups. In group 1 traditional (medial) approach to carotid bifurcation was
employed; in group 2 the retrojugular approach (RJA) was used. Surgical and anesthesia scores were developed to assess the
differences between the two groups in terms of surgical ease, the quality of exposure, patients comfort, level and quality of
anesthesia.
Results: demographic and clinical characteristics of group 1 and group 2 patients were comparable. No major complication
or death was observed in this series. Significant score differences were observed in favour of the retrojugular route. Using
this route an improved and wider exposure was obtained, moreover, we achieved a better analgesia, with lesser additional
anesthetic doses requirements, a faster approach to the carotid bifurcation, an enhanced patient comfort and a reduced
interference on the surgical procedure by deglutition movements.
Conclusions: the retrojugular route represents the ideal route for locoregional CEA; this exposure, with respect to the
traditional approach, minimizes many of the disadvantages commonly considered as major deterrents of regional anesthesia
for carotid surgery.
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Introduction
Scientific evidence exists to support the claim that
either general or regional anesthesia can be safely
used for CEA.1 Each of the techniques has theoretical
and practical advantages or drawbacks and the issue
of whether one anesthetic is better than another for
CEA has not yet been explored by randomized
trials.1,2 Any contribution that could reduce the dis-
advantages of any of the two approaches may contrib-
ute to overcome individual diffidence and visceral
antagonism.
In our institution we have been using retrojugular
route incision3 for carotid endarterectomy since the
beginning of the 90's; according to the original
description4 this was initially reserved to redo opera-
tions and high carotid exposures, however the surgi-
cal ease and the rapidity of vessel exposure has made
it a common access for carotid surgery. More than 654
patients for a total of 746 carotid arteries, have been
operated through this approach since 1993.
Regional block is now our standard anesthetic
technique for carotid endarterectomy (CEA), which
is performed using a cervical plexus block. This is a
combination of deep and superficial cervical plexus
blocks. A multiple injection technique at C2±C4 is
used for deep cervical plexus block placement.
The purpose of this investigation was to identify
any differences in terms of anesthetic effectiveness,
surgical ease and patient satisfaction between trad-
itional antejugular (medial) and retrojugular routes
for CEA performed with cervical plexus block.
Materials and Methods
Patients
One hundred consecutive patients undergoing elective
or urgent primary CEA under locoregional anesthesia
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were prospectively randomized in two equal size
groups. In group 1 traditional approach to carotid
bifurcation was employed; in group 2 the retrojugular
approach (RJA) was used. A number of surgical and
anesthesia parameters were measured to assess the
differences between the two groups in terms of sur-
gical ease, the quality of exposure, patients comfort,
level and quality of anesthesia.
The protocol was approved by the institutional
review board of the University of Siena. Patients
with known bleeding diathesis; a history of allergy
to local anesthetic agents, local sepsis, chronic pul-
monary disease; or known diaphragmatic motion
abnormalities were excluded from the study. Patients
were randomized to two groups according to a
computer-generated random numbers table. Place-
ment of cervical plexus blocks were performed by
one of four attending anesthesiologists, all of whom
were experienced in the anesthetic technique.
Anesthetic technique and analgesia assessment
A 20-gauge cannula was placed in the contralateral
radial artery to facilitate continuous monitoring of
blood pressure. In addition, non-invasive blood pres-
sure, five-lead electrocardiography (leads II and V5),
and pulse oxymetry were monitored before placement
of the cervical block and continued until discharge
from the post-anesthesia care unit.
Patients of both groups received a deep cervical
plexus block using the same multiple-injection tech-
nique at the C2±C4 level. While the patient was supine
with head turned away, the cervical transverse pro-
cesses were palpated manually approximately 1 cm
posterior to the posterior border of sternocleidomas-
toid. After intradermal infiltration of 0.25 ml lidocaine,
1%, at the level of the C2±C4 transverse processes, a
1-inch 25-gauge needle was introduced at right angles
to the skin, but aimed in a slightly caudad direction
to prevent intrathecal injection. After location of the
transverse process 1 or 2 cm from the skin or after the
patient reported paresthesia in the distribution of the
cervical plexus, a total of 20 ml plain bupivacaine,
0.375%, was injected. Patients also received superficial
cervical plexus block placement. An intradermal
`` bleb'' of lidocaine, 1%, was raised at the midpoint
of the posterior border of sternocleidomastoid.
Twenty ml plain bupivacaine, 0.375%, was injected in
the subcutaneous plane along the posterior body of
the sternocleidomastoid in cranial and caudal direc-
tions from this point.
Twenty minutes after the block was placed, skin
testing to pinprick and cold was performed according
to standard dermatome charts by an anesthesiologist
blinded to the group randomization. This provided
unbiased documentation of the dermatomes affected
by the blocked. No intravenous opioids were adminis-
tered during the operative procedure. During inser-
tion of monitoring lines and placement of the block
until arrival in the post-anesthesia care unit, sufficient
sedation with diazepam in 2.5-mg doses was adminis-
tered to alleviate patient anxiety. In no instance did
this interfere with continuous communication with
the patients to assess neurological status. A Javid
shunt was placed if there was a change in neurological
status during carotid cross-clamping.
Additional local anesthetic (lidocaine, 1%) was
administered superficially (into the skin and subcuta-
neous tissues) or deep (into and around the carotid
sheath) by the surgeon in 1-ml aliquots to supplement
the block whenever the patient reported discomfort.
Complications such as the need to convert to general
anesthesia, development of neurological complica-
tions, and the use of a shunt were noted.
The time of the patient's first request for post-
operative analgesia in the post-anesthesia care unit
was recorded. Orders were written for all patients in
the first 24 h after operation for intravenous morphine
in 2-mg aliquots or 1000 mg oral acetaminophen, to be
administered by the post-anesthesia care unit and
ward nurses. These nurses were blinded to the type
of approach used in the study. After arrival in the
post-anesthesia care unit, patients also were asked to
complete a standard 10-cm visual analog pain score
test (0 cmno pain, 10 cmworst pain imaginable)
that described how much pain they experienced
while in the operating room.
Surgery and surgical variables
The positioning of the patient and the skin incision are
similar for both the retro and the antejugular
approaches. Once the subcutaneous tissue and the
platisma is divided, the external jugular vein is
encountered and ligated. The incision is then dee-
pened directly in front of the sternocleidomastoid
muscle for the length of the incision allowing to
expose the internal jugular vein (Fig. 1a); in the retro-
jugular approach sharp dissection is carried behind
the internal jugular vein (IJV), which is retracted
medially (Fig. 1b). This route allows to stay away
from the lymphatic tissue that lies above the carotid
artery and do not divide the anterior facial vein, that
drains in the medial aspect of the internal jugular vein.
No branches arise from the lateral aspect of the IJV. In
the retrojugular route the internal carotid artery lies in
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a more anterior and superficial plane as compared
with the position in the antejugular technique. If a
high dissection of the ICA is necessary, the IJV is
retracted medially and craniad with two umbilical
tapes. The division of the sternocleidomastoid artery
is never necessary. The hypoglossal nerve is identified
behind the jugular vein and may be retracted anteri-
orly and medially with a vessel loop. The vagus nerve
remains posterior, and the internal carotid artery is
found in the groove between the vagus and the hypo-
glossal nerves, which at this level appear to have a
parallel course. In a more craniad position, behind the
posterior belly of the digastric muscle, the hypoglossal
nerve intersects the vagus, which lies posteriorly. Dis-
section up to this level is rarely necessary, but if it is, it
may be accomplished with the separation of these two
nervous structures.
Carotid endarterectomy, in both groups, was per-
formed in the usual manner after the intravenous
administration of Heparin (100 U/kg). The use of ever-
sion technique, patch closure or shunt was adopted
according to the patients individual characteristics.
Aspirin therapy is not usually discontinued before
surgery. Heparin administered before the clamping of
the carotid artery is not reversed at the end of the
procedure.
Surgical parameters measured in the study
included operative time, time from skin incision to
carotid cross clamping and subjective surgical expos-
ure score, which expressed the ease of operative field
Fig. 1. Once the subcutaneous tissue and the platisma is divided, the external jugular vein is encountered and ligated. (a) The incision is
deepened directly in front of the sternocleidomastoid muscle for the length of the incision allowing to expose the internal jugular vein. (b) In
the retrojugular approach sharp dissection is carried behind the internal jugular vein, which is retracted medially. No branches arise from
the lateral aspect of the IJV. The internal carotid artery is found in the groove between the vagus and the hypoglossal nerves, which at this
level appear to have a parallel course.
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and the quality of surgical exposure (distal), (scale
1±10; 0worst comfort; 10perfect operative field).
The latter was assessed also by three external obser-
vers (surgeons).
The influence of deglutition movements on surgical
manoeuvres was assessed with the aid of a computer
graphical system, which analyzed the digital video
frames of the surgical field. This enabled to trace, on
the horizontal plane, the shifts of the carotid artery
when the patient was asked to swallow; these were
plotted on a Cartesian space to enable a comparison
between the two exposure techniques.
Pre-operative and post-operative cranial nerve
assessment including fibreoptic laryngoscopy was
accomplished by the otolaryngology department. Spe-
cific attention was directed to the evaluation of the
hypoglossal, recurrent laryngeal, superior laryngeal,
marginal mandibular and glossopharyngeal nerves.
Statistical methods
With the approval of the local ethics committee,
patients were randomized into two equal groups,
based on a randomization list using a computer
generates table of random numbers. Given the lack
of pre-trial information, with regard of many of the
variables measured in the study, the sample size was
arbitrarily set at 50 participants per group; power
for the observed differences was calculated at the
end of study; this was above 97% (alpha 0.05) for all
selected variables, with the exception of two (bleeding
and supplemental subcutaneous tissues lidocaine
requirements): no additional patient was included in
the study to further assess these parameters. The
physicians who performed the operations as well as
anesthesiologists were blinded of the type of approach
to be performed until the moment of skin incision;
patients and nurses involved in perioperative care
were blinded as to the exposure it was employed.
Continuous data were checked for nomality, using
Kolmogorov±Smirnov test or Shapiro±Wilk W test as
appropiate, therefore mean and standard deviation
are used for descriptive values unless violation of
normality occurred.
Fisher exact test was used to compare qualitative
variables; one-way analysis of variance to compare
continuous variables. P values50.05 were considered
significant.
Routines implemented in NCSS 2001 and Pass 2001
(Number Cruncher Statistical Systems, Kaysville,
UT, U.S.A.) statistical software were used for all
analyses.
Results
Patient age, height, weight, gender sex and risk factor
were similar in the two study groups (Table 1). A
similar dermatomal areas were blocked in both
groups as assessed 20 min after insertion of the cer-
vical plexus block. Supplemental lidocaine require-
ments were different between the two groups:
patients receiving medial approach (group 1) required
Table 1. Clinical parameters: differences between the two study groups.
Group 1
Medial
route (n 50)
Group 2
Retrojugular
route (n 50)
p
No analgesia required in 24 h after surgery (n) 21 44 50.001
Time between cervical block and first dose of
analgesic medication (h) 
3.9 (1.6) 6.6 (4.5) 50.001
Visual analog pain scores (cm)  3.9 (2.1) 2.1 (1.2) 50.001
Conversion to general anesthesia (n) 1 0 0.9
Number of patient given morphine (n) 14 3 0.008
Mean morphine dose (mg)  6 (3) 2 (1) 0.05
Number of patient given acetaminophen (n) 9 3 0.1
Duration of surgery (min)  89 (23) 60 (14) 50.001
Skin incision to cross clamping time (min)  21 (7) 10 (3) 0.002
Surgical ease score y 7 (5±8) 9 (8±10) 0.001
Transmitted movements ± lateral (mm)  5.8 (3.6) 3.3 (1.3) 0.01
Transmitted movements ± cranio/caudal (mm)  9.3 (7.4) 3.6 (0.7) 50.001
Bleeding (ml)  36 (17) 30 (2) 0.02
Shunt (n) 4 6 0.7
Patch (n) 38 35 0.6
Eversion technique (n) 12 15 0.6
Data expressed as: mean (S.D.).
yData expressed as: median (range).
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an equivalent dose of lidocaine in the skin and sub-
cutaneous tissues [mean 3.2 ml (S.D. 0.7 ml) vs 3.4 ml
(S.D. 0.3 ml); p50.3;] but, compared to group 2, more
lidocaine in and around the carotid sheath [7.8 ml
(S.D. 2.0 ml) vs 0.7 ml (S.D. 0.3 ml); p50.001].
Doses of intravenous diazepam sedation were simi-
lar in the two groups [group 1: mean 22.3 mg (S.D.
13 mg); group 2: mean 20.5 mg (S.D. 17 mg); p 0.75],
which were administered from the time the patient
first arrived in the holding room to the end of the
procedure (usually at least 4 h). Post-operative anal-
gesic requirements were more in patients receiving
traditional route (Table 1). More patients receiving
antejugular route (group 1) required analgesia in the
first 24 h after operation, and requested analgesia ear-
lier than did patients in the group 2. Visual analog
pain scores were higher in patients of group 1
(Table 1).
From a surgical point of view the exposure of the
carotid artery was faster in the retrojugular route, with
shorter overall operative time; the two groups were
similar in terms of surgical treatment and shunt
requirements (Table 1). Shunt was used in patients in
whom neurologic changes developed during carotid
cross-clamping: these reversed after shunt insertion in
all. No perioperative neurologic events occurred. All
patients were neurologically intact after operation.
One patient in the medial group (group 1) required
conversion to general anesthesia 40 min after incision
because of anxiety and intolerance to the ongoing
procedure, although the vascular dissection was com-
plete by this time and arteriotomy was already
achieved. No patient of the retrojugular route had
the anterior facial vein ligated and hypoglossal nerve
suspended for higher exposure (15 in medial group:
p50.0001) (Table 1). Only one patient of the tradition-
al approach group was found to have hypoglossal
nerve dysfunction not yet recovered at follow up
visit 3 months after operation.
There were differences between the two groups in
terms of the surgeon's subjective assessment of the
operative exposure (score 1±10): in the retrojugular
group median score was 9 (range 8±10) while in the
medial (traditional) exposure group median score was
7 (range 5±8) (p50.0001).
Significant were the differences in terms of carotid
stability in presence of deglutition movements (trans-
mitted movements) (Table 1).
Fourteen patients in antejugular group (none of the
retrojugular group) expressed dissatisfaction with the
anesthetic technique and said they would be reluctant
to undergo similar surgery during regional anesthesia
in the future. The other patients all said they would be
willing to repeat the experience.
Discussion
The choice of anesthetic for use during carotid endar-
terectomy has remained a matter for debate for
more than three decades. The techniques of local and
cervical-block anesthesia for carotid surgery have
been described and used since before 1962.5
Local anesthesia enables the surgeon to assess the
level of cerebral perfusion with an awake patient,
gives greater assurances of cerebral protection during
arterial clamping and provides for a more relaxed and
cautious endarterectomy and repair.6
Nevertheless many surgeons are reluctant to use
cervical block anesthetic because of their concerns
about patient anxiety, difficulties in the carotid expos-
ure and movements of the patient during the delicate
endarterectomy.
Our randomized study indicates that CEA under
cervical plexus block may be accomplished success-
fully using either retrojugular or medial exposures.
However the retrojugular exposure obviates many
of the reported difficulties2 and provides better
analgesia either in terms of intraoperative local anes-
thetic supplementation or post-operative analgesic
requirements.
The retrojugular approach is more expedite, lymph-
atic structures are avoided, and the division of any
major branch of the jugular vein is not necessary to
expose the internal carotid artery.7 Reducing the
amount of the dissection around the vessels decreases
the stimulation of the afferent fibres accompanying
the sympathetic innervation of the vessels thus
improving analgesia. With the retrojugular approach
the internal carotid artery is the first branch encoun-
tered during craniad dissection and the external
branch appears in a medial plane. Because of this
difference in surgical anatomy, a high exposure of
the ICA with the retrojugular approach does not usu-
ally require mobilization of the hypoglossal nerve,
hence reducing the risks of traction injury of the
nerve. If this is necessary, it can be accomplished
without division of the sternocleidomastoid artery.7
In the present study, whenever possible, we tried to
use measurable objective parameters; this effort lead
us to elaborate the original digital video method
employed to trace and quantify the deglutition
movements transmitted to the carotid artery. How-
ever, such in the case of the operative ease score, we
were obliged to use subjective scales, that, in the
impossibility of a double blind study design, can
determine a bias attributable to personal preferences:
multiple external observers rating the subjective
scores were used to overcome these methodological
difficulties.
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Although our results require to be validated on a
larger cohort of patients we can affirm that retrojugu-
lar exposure, by virtue of its analgesic and surgical
advantages, represents the ideal approach for CEA
under locoregional anesthesia.
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